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© Diagnostic method. 



© Disclosed are methods and kits useful in the 
differential diagnosis of multiple sclerosis. The meth- 
od involves the use of an immunochemical reagent 
containing one or more prosomal antigens. Such a 
method typically involves: obtaining serum from a 
patient suspected of suffering from multiple sclero- 
sis; contacting the immunochemical agent with the 
serum; and detecting the presence of immune com- 
plexes formed between the prosomal antigen and 
any antibodies reactive therewith present in the se- 
rum. 
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Background of the Invention 

Field. This invention relates to a method and 
apparatus useful in the differential diagnosis of . 
multiple sclerosis. 

State of the Art: Multiple sclerosis ("MS") is a 
disease which usually presents itself in the form of 
recurrent attacks of focal or multifocal neurologic 
dysfunction. Its symptoms are multi-faceted and 
indefinite and include impaired vision, nystagmus, 
an inability to speak clearly, a decreased percep- 
tion of vibration and position sense, intention trem- 
or, muscular incoordination, limb weakness or pa- 
ralysis, spasticity, and bladder problems. Harrison's 
Principles of Internal Medicine , p. 1995 - 2000 
(11th ed. 1987). Unfortunately, no effective treat- 
ment of MS is known. 

In order to establish a definite diagnosis of MS, 
at least two episodes of neurological deficit must 
occur along with objective clinical signs of lesions 
at more than one site within the central nervous 
system. One problem with such a diagnostic meth- 
od is that a period of ten to twenty years may pass 
between episodes of neurological deficit. Id. 

Another problem is that the symptoms of MS 
are so indefinite that it may be confused with 
several other conditions. It is therefore important 
during the differential diagnosis of the patient to 
exclude conditions having similar symptoms which 
can be effectively treated. For example a patient 
may be suffering from side-effects of various pre- 
scription drugs (e.g. phenytoin which can cause 
nystagmus, vertigo and muscle weakness), perni- 
cious anemia, or various infections. Usually such 
conditions can be effectively treated. 

A need therefore exists for a relatively simple 
device useful in the determination of whether or not 
someone might be suffering from MS. 

Summary of the Invention. 

Surprisingly, it has been found that a great 
number of MS patients (more than ninety percent 
of those tested in one test series) have antibodies 
circulating in their blood stream to prosomes, while 
very few of those not suffering with the disease had 
such antibodies (< 3% of those tested). 

The invention thus includes a method of using 
a "prosoma! antigen" ' (e.g a prosome, prosomal 
protein, fragment, or derivative thereof), no matter 
what the source, in the differential diagnosis of 
multiple sclerosis. Typically such a method will 
utilize an immunochemical reagent containing one 
or more of the prosomal antigens. 

Such a method would typically involve: obtain- 
ing serum from a patient suspected of suffering 
from multiple sclerosis; contacting the described 
immunochemical agent with the serum; and detect- 



ing the presence of immune complexes formed 
between the prosomal antigen and any antibodies 
reactive therewith present in the serum. 

5 Brief Description of the Rgures 

FIG. 1 is a photographic reproduction of the 
immunoreaction between sera of 19 multiple scle- 
rosis patients arid purified prosomes from HeLa 
io cells. 

FIG. 2 is a photographic reproduction of the 
immunoreaction between sera of 8 other multiple 
sclerosis patients and purified prosomes from 
He La-cells. 

75 

Description of the Preferred Embodiments 
I. Prosomal Antigens - 

20 "Prosomal antigen", as used herein, means a 

prosome, prosomal protein, fragment, or derivative 
thereof, no matter what the source, for example 
from cells or those produced by genetic engineer- 
ing techniques. 

25 Prosomes are a kind of ubiquitous 

ribonucleoprotein particle of variable composition. 
They are composed of about 95% or more protein 
("prosomal protein") and about 5% or less RNA 
("pRNA"). Prosomes represent a morphologically 

30 and biophysically uniform class of 12-nm-wide 
raspberry or cylindrically shaped particles which 
vary in individual protein and RNA composition. At 
least 25 different prosomal proteins have been ob- 
served. Prosomes have been found in the cells of 

35 all species thus far tested. However, for the present 
invention, prosomes (and prosomal antigens) of 
human origin are preferred. 

Prosomes are isolatable. The postmitochondrial 
supernatant of normal cells are fractionated by 

40 differential centrifugation in order to produce poly- 
ribosomes, pellets of postpolyribosomal particles, 
and the cytosol fraction. Prosomes have been ob- 
tained from the post-polyribosomal pellet by su- 
crose gradient sedimentation in high-ionic strength 

45 buffers. See, e.g. Martins de Sa et al, "Prosomes: 
ubiquity and inter-species structural variation," J. 
Molec. Biol. , 187: 151-158 (1986); Schmid et at 
"The prosome an ubiquitous morphologically dis- 
tinct RNP particle associated with repressed 

so mRNPs and containing ScRNA and a characteristic 
set of proteins", EMBO J. , 3: 29-34 (1984). Under 
these conditions, the prosome sediments as a 
sharp peak with a sedimentation value of about 
19S. 

55 Prosomal proteins which help to make up the 

prosome have also been characterized. See, e.g. 
Schmid et al, supra . Prosomal proteins p27K and 
p33K - corresponding to proteins having an ap- 
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proximate molecular weight of 27 and 33 kilodal- 
tons respectively - have been sequenced and are 
identified in co-owned, co-pending International Ap- 
plication No. PCT/EP91/01945 (International Pub- 
lication No. WO 92/07269 published on 30 April, 5 
1992) under SEQ ID NO:2 and SEQ ID NO:4 re- 
spectively. A "fragment" is typically an epitopic 
portion of a prosomal protein. 

The preparation of peptides or fragments there- 
of for use with the invention may be by recom- 10 
binant DNA methods or one of the known organic 
chemical methods for peptide synthesis. 

Organic chemical methods are especially use- 
ful in the synthesis of smaller peptide fragments 
having the desired activity. Once the sequence of a 75 
fragment is known, the synthesis is rather straight- 
forward for an ordinarily skilled peptide chemist. 
Organic chemical methods for peptide synthesis 
include coupling the required amino, acids by 
means of a condensation reaction in either a homo- 20 
genous phase or with the aid of a solid phase. The 
solid phase method is described in Merrifield, J. 
Am. Chem. Society , 85. 2149 (1963) and Wang, 7. 
Am. Chern. Soc , 95. 1328 (1974). ~ 

Recombinant DNA methods involve the prep- 25 
aration of the desired peptide or fragment by 
means of expressing recombinant polynucleotide 
with a polynucleotide sequence which codes for 
one or more of the peptides in question in a 
suitable microorganism as host. Generally the pro- 30 
cess involves introducing into a cloning vehicle 
(e.g. a plasmid, phage DNA, or other DNA se- 
quence able to replicate in a host cell) a DNA 
sequence; introducing said cloning vehicle into a 
suitable host cell; and culturing the host cell thus 35 
transformed. Typical host cells include bacteria 
such as E. coli, Pseudomonas , and Bacillus sub- 

tilis . : 

Once the peptides have been made, fragments 
useful in the invention can also be determined. aq 
Suitable immunochemical^ active peptide frag- 
ments can be found according by means of the 
method described in Patent Application WO 
86/06487 to Geysen et al; Geysen et al, Proc. Nat 1 ! 
Acad. Sci. , (81) 3998-4002, (1984); and Geysen et 45 
al, J. Immunol Meth. t (102) 259-274 (1987) based 
on the "pep-scan" method. In this method a series 
of overlapping peptides corresponding with partial 
sequences of the complete peptide under consider- 
ation are synthesized and their reactivity with the 50 
antibodies is investigated. 

Furthermore functional derivatives of the pep- 
tides may also be used. Such functional derivatives 
include acid addition salts (such as hydrochloric, 
hydrobromic, fumaric, phosphoric, ascorbic, tartar- 55 
ic, citric, lactic, maleic, palmitic, and other well- 
known acids) of the peptides; amides of the pep- 
tides and especially the C-terminal amides; esters 



and especially C-terminal esters; and N-acyl de- 
rivatives, especially N-terminal acyl derivatives and 
in particular N-acetyl derivatives. All functional de- 
rivatives are considered "polypeptides", "peptides" 
and "peptide fragments" according to the inven- 
tion. 

Some prosomes, prosomal proteins, fragments 
and derivatives can be identified by their reactivity 
with certain antibodies commercially available from 
Organon Teknika, nv of Turnhout, Belgium. The 
commercially available monoclonal antibodies are 
those directed against prosomal proteins p23K f 
p25K, p27K, p29K (p28K, p33K), p30/33K, and 
p31K and the anti-p21K ("prosome-like particle"). 
These antibodies are more thoroughly described in 
Research Reagent News , (Jan. 1990) available 
from Organon Teknika nv. 

II. Antibodies- 

A. Subject's Antibodies - 

The sample to be tested must contain anti- 
bodies of the subject. Such samples include blood 
and blood fractions such as plasma or serum. A 
blood sample may be obtained from the subject to 
be tested, typically by venipuncture, and. the red 
blood cells and clots are preferably removed. Anti- 
bodies may then be separated by any suitable 
technique. 

B. Other antibodies - 

Other antibody substances for use in diagnos- 
tic kits and methods according to the invention are 
chosen according to the particular test to be used. 
For example, labelled antibodies directed against 
human IgG antibody are useful in certain embodi- 
ments of the invention for detecting any antibodies 
present in the sample taken from the subject which 
react with the prosomal antigen. Immunologically 
active antibody fragments of these antibodies are 
likewise useful. Antibodies against prosomal pro- 
teins are suited for binding prosomes to a solid 
support (preferably such antibodies would not be 
human or "humanized" antibodies). Such anti- 
bodies can be polyclonal or monoclonal antibodies. 

Labelling substances typically used include 
various radioactive isotopes, fluorescent com- 
pounds, latex, enzymes, dye sols or metal com- 
pounds used as sol particles. * 

Labelled anti-human antibodies (labelled with, 
for example, peroxidase) are commercially avail- 
able from, for example Miles Laboratories Ltd. of 
Slough, England. 

Monoclonal antibodies produced against hu- 
man antibodies can also be produced by biologi- 
cally pure cell lines of immortalized antibody-pro- 
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ducing cells. Immortalized antibody producing cells 
can be obtained according to any of the various 
methods which are known in the art, and generally 
include the steps: 1) inducing suitable cells such as 
lymphocytes to produce specific antibodies, 2) im- 
mortalizing those cells, and 3) selecting clones out 
of these cells which produce antibodies of the 
desired specificity and affinity. For example, one 
method would be that of Kohler and Millstein, Na- 
ture, vol. 256, 495-497 (1975). This method conv 
prises immunizing mice with human antibody, iso- 
lating spleen cells and fusing these with mouse 
myeloma cells to obtain hybridomas. Of course 
animals other than mice could be used as well. 

Other methods for producing antibodies are 
disclosed in U.S. Patent No. 4,816,397 (methods 
for producing recombinant antibodies) and U.S. 
Patent No. 4,816,567 (recombinant chimeric anti- 
bodies). 

III. Diagnostic Methods- 

Prosomal antigens displaying antigenicity with 
the MS antibody may be used in methods and kits 
designed to detect the presence of those anti- 
bodies in humans. 

A prosomal antigen displaying the desired im- 
munogenic activity produced by, for example, 
hosts transformed by recombinant DNA molecules 
of the invention, can be used in immunological 
reagents or immunological diagnostic test kits. 

As used herein an "immunochemical reagent" 
means that prosomal antigen or antigens have 
been bound, directly or indirectly, to a suitable 
support. Supports typically used include the inner 
wall of a microtest well or a cuvette, a tube or 
capillary, a membrane filter, test strip, or the sur- 
face of a particle such as a latex particle, bead, 
erythrocyte, dye sol, metal sol or metal compound 
as sol particle. 

In one method of detecting the presence of 
antibodies directed against the proteins in a test 
fluid (e.g. serum of a human thought to be suffering 
from multiple sclerosis), an immunochemical 
reagent of the invention is brought into contact with 
the test fluid. After which the presence of immune 
complexes formed between the peptide and anti- 
bodies in the test fluid is measured for the pres- 
ence of an immunochemical reaction. The im- 
munochemical reaction is preferably a sandwich 
reaction (using either labelled peptide or labelled 
anti-human antibody), an agglutination reaction 
(using also sols), a competition reaction, or an 
inhibition reaction. 

Immunological diagnostic test kits include 
radioimmunoassay or enzyme immunoactivity as- 
say ("EIA") as described in U.S. Patent Reissue 
No. 32,696 to Schuurs et at, and metal sol particle 



immunoassays ( n SPIA n ) such as is described in 
U.S. Patent No. 4,313,734 to Leuvering, the con- 
tents of which are incorporated by this reference. 
Aqueous sol dispersions of a metal, metal com- 
5 pound or polymer nuclei coated with a metal or 
metal compound are used in "SPIA" test kits. 

In one preferred immunoassay for detecting 
the MS antibodies, a predetermined quantity of 
prosomal antigen is adsorbed on a solid phase, 

10 protein binding surface. The test sample to be 
assayed for antibodies (e.g. a patient's serum) is 
then contacted to the surface having prosomal anti- 
gen bound thereto, and antibodies in the test sam- 
ple bind to the immobilized antigen. Radioactive or 

is enzyme-labeled immunoglobulin probes (e.g. anti- 
bodies or antibody fragments which only react with 
human IgG) are then contacted to the surface and 
bind to the immobilized antibodies. The amount of 
labelled probe bound to the solid support can be 

20 determined and is indicative of the presence of 
antibody in the test sample. 

In one type of radioimmunoassay, antibodies 
against prosomal antigen (e.g. those described in 
U.S. Patent No. 5.059,521 to Scherrer et al.) are 

25 attached to a solid phase, for exaimple the inside of 
a test tube. Prosomal antigen is then added to the 
tube so as to bind with these antibodies. To the 
tube coated with the thus formed antigen-antibody 
complex is added a sample of the patient's serum, 

30 together with a known amount of antibodies against 
prosomal antigen labelled with a radioactive isotope 
such as radioactive iodine. Any antibody directed 
against the prosomal antigen from the patient's 
serum will compete with the labelled antibodies for 

35 the free binding sites on the antigen-antibody com- 
plex. Once the serum has been allowed to interact, 
the excess liquid is removed, the test tube washed, 
and the amount of radioactivity measured. A posi- 
tive result, i.e. that the patient's serum contains the 

40 antibodies is indicated by a relatively low radioac- 
tivity count. 

In one type of EIA test, a microtitre plate is 
coated with the prosomal antigen and to this is 
added a sample of patient's serum. After a period 

45 of incubation permitting interaction of any antibody 
with the antigen, the plate is washed and a prep- 
aration of anti-human antibodies, e.g. raised in a 
laboratory animal, and which are linked to an en- 
zyme label is added, incubated to allow reaction to 

so take place, and the plate is then washed again. 
Thereafter enzyme substrate is added to the micro- 
titre plate and incubated for a period of time to 
allow the enzyme to work on the substrate, and the 
adsorbance of the final preparation is measured. A 

55 large change in adsorbance indicates a positive 
result. 

Alternatively, prosomal proteins can be extract- 
ed, and then fractionated in a matrix. The sepa- 
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rated proteins are immobilized by transfer to a 
membrane and reacted with antibody from the sub- 
ject. The membrane is then preferably washed. 
Labelled (directly or indirectly) anti-human anti- 
bodies are then reacted to determine if binding 5 
between the subject's antibodies and the prosomal 
protein occurred. 

The diagnostic test kits of the invention may 
also contain auxiliaries such as buffers, standards 
(negatives and positives), and materials (e.g. 10 
chemicals) necessary for the detection of the label, 
rf the label is an enzyme, substrate for this enzyme 
may be included in the test kit; if the labei is a sol 
particle of a dye, metal, or metal compound, the 
test kit may contain chemicals to dissolve the label 75 
bound to a solid support, in order to enhance the 
detection. 

The invention is further explained by reference 
to the following illustrative example. 

20 

EXAMPLE 

Prosomes from He La cells were obtained ac- 
cording to the procedure set forth in Example 1 of 
U.S. Patent No. 5.059.521 to Scherrer et al, pub- 25 
lished on 22 October, 1991. These prosomes were 
further purified by passing them over a 0.5% sar- 
cosyl gradient. 

Sera was obtained from 27 patients previously 
diagnosed as, or suspected of, suffering from mul- 30 
tiple sclerosis ("Group A"). Sera of 35 persons, 
none of whom were believed to be suffering from 
multiple sclerosis, were also tested as negative 
controls ("Group B"). Purified prosomes from HeLa 
cells were loaded onto a 13% polyacrylamide SDS- 35 
gel (SDS-PAGE). After electrophoresis, the pros- 
omal proteins were blotted onto a nitrocellulose 
membrane (Bio-Rad). Strips of the membrane were 
cut and saturated with 5% skimmed milk in PBS 
for one hour. They were then incubated with the 40 
different sera for two hours at room temperature 
(dilution 1:1000). After 3 washes in saturated buffer, 
the reacting antibodies of these sera were secon- 
darily detected with an anti-human IgG antibody 
conjugated with peroxidase (Miles Labs. Ltd., 45 
Slough, England) by incubating for two hours at 
room temperature and revealed by H2O2- 
chloronapthol. The negative control was replaced 
by the dilution buffer. 

25 of the 27 sera from Group A (93%) dis- 50 
played prosome positive reactions in the molecular 
weight range of 25 to 35 kilodaltons. Most of this 
sera reacted positively with a single or double 
protein ban but at different molecular weight ranges 
(i.e. 25Kd, 27Kd, 31 Kd and 33Kd approximately). 55 
The results are shown in FIGs. 1 and 2. 

One of the sera from Group B displayed pros- 
ome positive reactions. 



The use of specific examples and embodi- 
ments should not be construed as limitations to the 
scope of the invention which is defined by the 
appended claims. 

Claims 

1. A method useful in the differential diagnosis of 
multiple sclerosis comprising: 

a) contacting a sample containing anti- 
bodies of a subject with an immunochem- 
ical reagent comprising prosomal antigen; 
and 

b) detecting the presence of immune com- 
plexes formed between the prosomal anti- 
gen and any antibodies reactive therewith 
present in the sample. 

2. The method of claim 1 wherein said prosomal 
antigen is a prosome derived from human 
cells. 

3. The method of claim 3 wherein said prosomal 
antigen is prosomal protein is selected from 
the group of prosomal proteins having a mo- 
lecular weight of approximately 25. 27, 31, or 
33 kilodaltons. 

4. A diagnostic test kit for use in the diagnosis of 
multiple sclerosis in a human subject suspect- 
ed of having multiple sclerosis comprising: 

prosomal antigen presented to react im- 
munologically with antibodies immunologically 
reactive therewith present in a sample of said 
subject; and 

means for determining whether said anti- 
bodies have reacted with the prosomal antigen. 

5. A diagnostic test kit for use in the diagnosis of 
multiple sclerosis in a human subject suspect- 
ed of having multiple sclerosis comprising: 
prosomal antigen presented to react im- 
munologically with antibodies immunologically 
reactive therewith present in a sample of said 
subject; and 

labelled anti-human antibodies or labelled anti- 
human antibody fragments for reacting with 
any of the subject's antibodies which reacted 
with the prosomal antigen. 

6- The diagnostic test kit of claim 5 wherein the ' 
label used to label said anti-human antibodies 
or anti-human antibody fragments is selected 
Jrom the group consisting of radioactive iso- 
topes, fluorescent compounds, non-peroxidase 
enzymes, dye sols or metal compounds used 
as sol particles. 
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A diagnostic method useful in the diagnosis of 
multiple sclerosis comprising the following 
steps: 

(a) binding prosomal antigen to the surface 

of a solid carrier; 5 

(b) contacting said bound prosomal antigen 
with a sample containing antibodies of a 
subject; 

(c) allowing sufficient time for an im- 
munological reaction between the prosomal 10 
antigen and any antibodies present in the 
sample reactive therewith to take place, 

thus defining a first solid phase and a first 
liquid phase; 

(d) separating the first liquid and solid is 
phases; 

(e) contacting said first solid phase with a 
reagent, said reagent comprising metal so] 
dispersion particles, said particles having 
attached thereon immunoglobulin directed 20 
against immunoglobulin of the species to 
which said subject belongs to form a metal 

sol particle anti-subject species im- 
munoglobulin conjugate; 

(0 allowing time for a second immunological 25 
reaction to take place to bind said reagent 
to any bound anti-prosomal antigen im- 
munoglobulin of the subject, resulting in the 
binding of said reagent to that part of said 
bound antigen which has undergone the re- 30 
action of step (c), to form a second solid 
and second liquid phase; (g) separating the 
second solid and second liquid phases; and 
(h) detecting the presence of or the amount 
of metal sol in either the second solid phase 35 
or the second liquid phase. 

A test kit for use in the differential diagnosis of 

multiple sclerosis comprising: 

a solid phase coated with prosomal antigen; 40 

anti-human antibodies or anti-human antibody 

fragments linked directly or indirectly to an 

enzyme label in a non-solid phase; and 

substrate for the enzyme used on the label. 



The diagnostic test kit of claim 4, claim 5, 
claim 6, claim 7 or claim 8 wherein said pros- 
omal antigen is a prosome derived from hu- 
man cells. 



45 
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10. The diagnostic test kit of claim 4, claim 5, 
claim 6, claim 7 or claim 8 wherein said pros- 
omal antigen is a prosomal protein is selected 
from the group of prosomal proteins having a 
molecular weight of approximately 25, 27, 31, 55 
or 33 kilodaltons. 
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